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ABSTRACT 


Th«  tffaots  upon  nttmuatlon  of  ineroasinc  conductivity  is  shewn 
by  substituting  for  c"  its  equivslsnt  in  ths  gsnersl  equation  for  at¬ 
tenuation.  The  equation  indicates  that  attenuatiem  should  increase  with 
conductivity  if  the  other  paraasters  are  not  adveisely  affected.  A  seriee 
of  graphs  of  conductivity  versus  frequency  for  the  theoretical  models  A-G 
is  given. 


A  discussion  of  the  effects  of  silvering  toroids  and  the  sig¬ 
nificant  inez'ease  of  attenuation  resulting  therefrom  is  given  in  table 
form.  To  eliminate  effects  of  the  silver,  toroids  were  painted  with  an 
Aqwdag  solution  on  the  inner  and  outer  diameters.  Attenuation  valuee 
showed  an  increase  but  not  to  the  sane  extent.  This  is  probably  because 
u^e  Aqvadag  is  not  as  conductive  as  the  silver  solution.  It  remains  to 
bo  determined  if  all  of  the  parameters  are  affected  by  silvering  and  to 
idiat  extent. 

The  ferrous  ion  content  is  important  in  the  fabrication  of 
ferrites.  A  rapid  cooling  operation  has  been  employed  in  the  procedure 
and  ferrites  having  over  35  db/cm  at  500  Me  have  been  produced.  The 
densities  of  our  ferrites  have  been  increased  by  using  hi^j^  firing 
temperatures. 

E^qwriswnts  were  conducted  to  determine  the  effect  of  a  ferrite 
RF  attenuator  on  different  types  of  firing  stimuli.  OeoiUograms  indicate 
that  neither  oapacitor  dlsoharge  pulsee  nor  constant  current  pulses  are 
altered  by  the  ferrite  attenuator. 

Our  search  for  an  RF  attenuating  material  is  not  being  limited 
to  ferrites  but  are  looking  into  other  materials,  such  as  organics. 
Literature  has  revealed  that  certain  organics  have  a  loes  tangent  greater 
than  1.0. 


Evaluation  of  aeryloid-bound  barium  titanate  Insulation  was 
continued  with  a  decrease  in  attenuation  at  500  Me  of  20K  for  a  three- 
mil  ooai.lng.  Voltage  breakdown  valuee  ranged  from  500-600  volts  for  -  te 
same  coating. 

A  derivation  of  the  terminating  impedance  corresponding  to  a 
— transfer  of  power  through  a  section  of  tranmsission  line  is 
presented.  The  termination  is  defined  in  terms  of  the  line  characteristic 
impedance  and  propagation  constant. 
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The  nranklln  Ihatltute^  under  contract  to  the  Naval  Weapons 
Laboratory  and  Pleat inny  Arsenal,  has  during  the  past  several  years 
been  active  In  the  search  for  naterlals  vMch  absorb  or  attentiate  RF 
energy.  A  significant  developoient  has  been  the  carbonyl  Iron  attenuating 
SHiterlal  tdilch  provides  adequate  protection  for  frequencies  above  100  Me 
in  a  1  cm  length.  However,  as  our  knowledge  of  the  problem  increases. 

It  appears  that  the  most  troublesome  frequencies  are  below  10  Me.  Since 
we  do  not  feel  that  the  Iron  can  be  inproved  enouj^  to  be  of  avail  in 
this  range,  it  has  become  necessary  to  seek  other  materials  for  this 
purpose.  The  main  scope  of  this  study  will  coiaprlse  the  investigation 
of  new  materials. 

At  the  outset,  our  research  Indicated  that  the  class  of  materials 
known  as  ferrites  show  promise,  and  particularly  so  If  the  dielectric  and 
magnetic  properties  of  these  materials  can  be  optimised.  However,  this 
study  will  not  limit  Itself  to  any  one  type  of  material  because  other 
factors  such  as  ease  of  smnufacture  and  adaptability  are  also  inportant 
and  could  narrow  our  choice. 

Ultimately,  It  Is  planned  to  develop  techniques  and  processes 
to  use  these  materials  in  practical  applications.  This  includes  the 
aipUcatlon  of  a  hlgh^K  dielectric  to  our  attenuating  mateirial  to  improve 
Its  dc  resistance  and  voltage  breakdown  properties. 

A  supporting  Instrumentation  study  and  development  program 
will  run  concurrently  with  the  selection  and  development  of  any  such 
material.  Instrumentation  developed  to  measure  attenuation  at  the 
frequencies  of  concern  (10  Me  and  below)  in  itself  will  be  advancing 
the  state  of  the  art.  We  are  interested  in  true  attenuation;  not  insertion 
loss.  Since  most  of  our  samples  are  low  ijipedance,  this  makes  matching 
difficult,  and  matching  Is  used  in  siost  of  our  attenuation  measuring 
systems. 
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2.  MATERIAL  STUDY 
2.1  Material  Svaluatlon  -  Ferrites 
Contributor:  Daniel  J.  Mullen,  Jr. 


Materials  are  being  sought  vMch  are  effective  In  attenuating 
RP  energy  at  low  frequencies.  The  present  study  Is  concerned  with  eval¬ 
uating  ferrites  of  various  types  which  are  supplied  by  conmerclal  ferrite 
aanufacturers.  On  the  basis  of  our  evaluation,  we  expect  to  determine 
which  type  of  ferrites  show  the  most  promise.  This  knowledge  will  be 
used  to  aid  In  the  synthesis  of  material  which  represents  the  optimum 
in  attenuation  ci^clty. 


2.1.1  Significance  of  Cmductlvlty  as  a  Criterion  for  Attenuation. 

In  last  month's  report.  Tables  2-3  atul  2-6  gave  values  of 
voliuae-reslstlvlty  for  the  theoretical  models  A  throu^  G.  These  values 
%rere  not  plotted  In  the  graphs  for  reasons  of  simplicity.  This  month, 
a  plot  of  the  reciprocal  of  these  values  for  all  of  the  models  will 
seiTve  to  Illustrate  how  the  conductivity  varies  with  frequency.  See 
Figures  2-1  throuj^  2-7.  In  postulating  a  theoretical  model  to  attain 
high  attenuation,  we  purposely  increased  the  values  of  s',  u'*  tan  6^ 

axid  tan  6^.  In  so  doing.  It  has  been  found  that  volume-resistivity  should 

be  low,  or  conversely,  conductivity  should  be  high.  The  following  axialysls 
should  serve  to  demonstrate  this. 

It  will  be  resmmbered  that  o,  dielectric  conductivity  in 
ohsts /meter.  Is  related  to  s",  the  lossy  part  of  the  complex  permittivity 
by  the  expression: 

o  “  djc"  or  o*  2nfs" 

If  this  relationship  is  substituted  in  our  general  expresslcsi 
for  attenwtlon,  it  will  be  seen  that  increasing  o,  has  a  direct  bearing 
on  Increasing  attenuation.  This  Is  shown  as  follows: 

-  128  X  lO’^f  |k;k^((tan  6,tan  6^^-l)  +  taxihj:.axih  +  tan^6^  +  tan^fl  )|  ^ 

^  ^  “^(2-1) 

-  2  - 
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rearranglxig>  the  equation  becomee: 

tan  6 


«  -  128  X  10“^f 


Substituting  for  it  can  be  shown  that  equation  (2-2)  takes  the 
form  _  _  j 


.-llx 


•  -  128  X  10 -f  I  kLk;(j^  2^. 


(2-3) 


Analysis  of  equation  2-3  shows  that  an  increase  in  a  (dielectric 
conductivity)  should  result  in  an  increase  of  attenuation «  if  the  other 
parasMters  are  not  adversely  affected  by  this  change. 


2.1.2  Attenuation  Keasurements  of  Ferrites 

In  the  course  of  our  measurement  program,  we  have  had  difficulty 
at  times  in  the  seating  of  sa8V>les  in  the  holders.  In  an  attempt  to  avoid 
the  difficulty,  we  have  silvered  the  outer  and  inner  diameters  of  the 
toroids.  We  have  observed  that  attenuation  values  are  significantly 
increued.  The  values  of  the  resistance  have  been  measured  and  show  a 
corresponding  decrease. 

We  have  tabulated  in  Table  2-1  the  correlation  between  the 
lowering  in  resistance  or,  if  you  will,  increase  in  conductivity  >dxen 
the  toroids  are  silvered.  It  should  be  noted  that  the  ratio  of  resist¬ 
ances  before  and  after  silvering  and  the  ratio  of  attenuations  before 
and  after  silvering  are  practically  equal. 

In  order  to  eliminate  the  contribution,  if  any,  of  the  silver 
in  the  conduetlve  coating  of  Aquadag  was  used  and  the  samples  measured. 
Here  again,  an  increase  in  attenuation  was  noted  but  to  a  lesser  degree 
than  tdien  the  sample  is  sllveired. 

It  is  possible  that  silvering  increases  the  conductivity  of 
the  sample,  thus  Increasing  the  lossy  part  of  the  permittivity  («") 
solely  and  has  little  or  no  effect  on  the  other  parameters. 
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Sample 

t 

^A 

(eSm.\ 

xmjid 

(5W  Mv) 

iXQ  Mb,) 

6425 

1700 

450 

3.78 

60 

234 

3.9 

U9e 

4400 

1200 

3.67 

24.2 

115 

4.75 

4496 

3000 

793 

3.79 

24 

92 

3.8 

6402 

200 

85 

2.58 

74.5 

180 

2.42 

4499 

3000 

550 

5.45 

40 

235 

5.9 

6397 

140 

38 

3.68 

42 

82 

2 

6399 

200 

39 

5.13 

42 

252 

6 

#  t 

Rg  before  eilvering  after  ellveriiig 


We  have  neaeured  several  C27  torolde  both  silvered  and  unsUvered 
in  our  imnlttance  bridge  STstem.  The  data  fl'om  these  measurements  will  be 
processed  In  the  eosputer  and  values  of  the  various  parameters  calculated. 
We  hc^e  to  determine  If  slivering  does  anything  to  the  parameters. 


2.2  Fabrication  of  Ferrites 
Contributor:  Lewis  E.  Katz 

Iog>ortance  of  the  ferrous  Ion  content  In  ferrites.  In  relation  to 
the  conductivity  and  thus  to  attenuation,  was  discussed  In  the  last  repoirt. 
It  was  noted  that  to  obtain  ferrous  Ions  rather  than  ferric  Ions  In  the 
lattice  structure  It  would  be  necessary  to  prevent  contact  with  air  (oxygen) 
during  the  decomposition  of  the  oxalates  and  during  the  cooling  following 
firing  operation. 

We  have  established  a  procedure  whereby  cdr  Is  excluded  during 
the  decomposition  of  the  oxalates.  The  oxalate  Is  decomposed  by  heating 
It  in  a  vessel  closed  with  a  tm-hole  rubber  stopper.  One  hole  Is  fitted 
with  a  stopcock,  normally  closed.  The  other  hole  provides  connection, 
means  of  glass  and  rubber  tubing,  throu^  a  water  tri^  to  a  water  filled 
flask.  During  heating  of  the  vessel  containing  the  oxalate,  the  gases 
which  ccsw  off  (00  and  00^  pass  through  the  tubing,  throu^  the  water 
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trap  and  thanoe  into  tha  flask  of  watar.  Air  Is  not  parmlttad  to  sntar 
tha  sjstam  during  tha  daooapoaltlon.  Following  daooaqposltlon,  tha  vas¬ 
sal  which  now  contains  farrlta^  is  eoolad,  drawing  back  tha  00  and  00^ 
from  tha  tubing  and  watar  trap.  To  raplaoe  the  gases  drawn  from  the 
water  tr^>,  watar  is  drawn  from  the  flask  into  the  water  trap  vdiere  it 
is  trapped.  Ihus,  during  cooling  no  air  is  allowed  to  enter  the  system. 
Before  admitting  air  it  is  necessary  to  insert  enough  benzene  through 
the  stopcock  to  wet  the  ferrite,  thus  making  certain  that  there  is  no 
oxidation  upon  contact  with  the  air.  The  benzene  is  subsequently  evapo¬ 
rated  from  the  ferrite  under  a  hood. 

If  we  wish  to  preserve  the  ferrous  ions  present  during  firixig, 
the  material  must  be  cooled  very  rapidly.  Furnace  cooling  is  extrasMly 
slow  and  allows  enou^  time  for  the  ferrous  ions  to  oxidize  to  ferric 
ions.  Air  cooling  is  reasonably  rapid  and  does  not  set  up  the  seveire 
thermal  stresses  caused  by  water  quenching.  Samples  which  are  subjected 
to  water  quenching  tend  to  crack  easily  due  to  the  stress  set  up  by  the 
rapid  cooling.  It  may  be  possible  to  obtain  samples  which  do  not  crack 
during  quenching  by  using  a  medium  having  a  lower  thermal  co**  uctivity 
than  water  at  room  temperature  such  as  oil  or  hot  water. 

A  large  nunher  of  samples  were  prepared,  having  various  com¬ 
positions,  using  different  pressures  and  firing  temperatures,  and  cooling 
them  at  different  rates  (furnace  cooling,  air  cooling,  water  quenching). 
These  samples  are  tabulated  in  Table  2-2. 

It  is  immediately  evident  from  the  table  that  those  samples 
idiich  were  furnace  cooled  had  very  hl^  resistance  and  low  attenuation 
in  comparison  with  those  samples  which  were  air  cooled  or  water  quenched. 
The  low  resistance  of  the  latter  compares  favorably  with  C-27  and  T-1 
ferzdtes.  As  can  be  seen,  silvering  the  samples  results  in  lower  resist¬ 
ance  and  higher  attenuation.  The  effect  of  silvering  the  edges  of  ferrite 
saoplee  is  discussed  in  Section  2.1.2  of  this  report. 
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Furthermore,  we  have  succeeded  in  Increasing  the  density  of  the 
nickel-Binc  ferrites  to  such  a  value  that  they  are  comparable  to  the 
commercial  ferrites.  We  attribute  the  increase  in  density  to  the  hl^er 
firing  temperatures  which  were  used.  The  nanganese-einc  samples  produced 
by  our  procedure  do  not  yet  have  satisfactory  density,  and  this  problem 
will  have  to  be  resolved.  It  is  felt  that  emphasis  should  be  placed  on 
the  Nl-Zn  system  due  to  the  encouraging  results  obtained. 


There  i^qpears  to  be  no  significant  difference  in  the  Nl^  ^Zn^ 
and  Ni^  ferrites  in  respect  to  their  ability  to  attenuate. 

Primary  consideration  i^^are  to  be  the  ferrous  ion  content  (as  shown  by 
low  resistance),  established  during  firing.  Treatment  of  the  samples 
with  bensene  during  the  decoaposltion  of  the  oxalates  appears  to  be  less 
important,  since  those  samples  that  were  furnace  cooled  after  firing  had 
low  attenuation  in  spite  of  beneene  treatment. 


Sasqples  No.  6776,  6789,  6794  with  high  attenuation  at  500  Me, 
were  silvered  and  measured  at  200,  300,  400  and  500  Me.  Samples  No.  6789 
and  No.  6794  measured  over  20  db/cm  at  200  Me. 


Sample  No.  6795  is  particularly  interestijag  since  it  was  the 
only  water  quenched  sample  tdiich  had  enough  strength  to  be  ground  and 
measured.  Unfortunately,  it  did  break  before  it  could  be  silvered  and 
evaluated  at  the  various  frequencies.  This  one  showed  the  lowest  resist¬ 
ance  and  highest  attenuatlm  (29.0  db/cm  at  500  Me)  of  any  of  those  listed 
in  Table  2-2,  idxen  iinsilvered.  This  was  expected  since  it  was  subjected 
to  the  most  rapid  cooling  and  ahould  therefore  contain  the  greatest  number 
of  ferrous  ions.  As  noted  previously,  attempts  will  be  made  to  quench 
additional  sai^>les  in  either  hot  water  or  oil. 

Since  control  of  oxygen  during  cooling  appears  to  be  so  impor¬ 
tant,  we  are  preparing  a  set-up  which  will  allow  firing  and  cooling  in 
an  inert  atmosphere.  Such  a  system  should  be  very  effective  in  preserving 
the  ferrous  ions. 
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2.3  Effect  of  Ferrite  Attenuators  on  Firing  StinuU 

In  our  search  for  an  RF  attenuating  material,  we  have  not  lost 
sl^t  of  the  fact  that  the  SD  being  protected  dose  have  to  be  initiated 
bgr  some  tjrpe  of  firing  pules.  During  November,  we  conducted  two  e^peri- 
■ents  to  determine  the  effect  of  a  ferrite  attenuator  on  capacitor 
discharge  and  constant  current  pulses. 

2.3.1  Capacitor  Discharge 

A  block  diagram  of  the  STstem  for  determining  the  effect  of  a 
ferrite  sample  on  a  capacitor  discharge  pulse  Is  ahoim  in  Figure  2-8. 
Capacitor  C  is  charged  to  voltage  E  and  then  discharged  into  load 
by  switch  S.  A  dual  channel  osclUoscope  records  the  pulse  at  the  input 
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side  of  the  eanple  holder  and  at  the  load.  The  osolUograffle  in  Figure 
2-9  indicate  that  the  ferrite  attenuators  have  a  negligible  effect  on 
capacitor  discharge  pulses. 

Several  other  esqperijnents  were  conducted  in  idilch  the  value  of 
the  capacitor  was  decreased  from  1.0  |if  to  O.OOljif.  Even  tdien  a  one-ohm 
load  was  used,  no  adverse  effect  on  the  pulse  was  noted. 

2.3.2  Constant  Current 

The  same  general  setup,  shown  in  Figure  2-8,  was  used  for 
constant  current  evaluation  except  that  the  capacitor  discharge  unit 
was  replaced  by  a  constant  current  generator.  The  effect  upon  a  flve- 
ampex*e  pulse  applied  to  a  one-ohm  load  Is  shown  in  Figure  2-10.  Once 
again,  no  detriment  was  noted. 

2.4  Material  Evaluation  -  Organic  Materials 
Contributor:  Ernst  R.  Schneck 

We  have  over  the  past  few  years  investigated  various  materials 
that  could  possibly  absorb  undeslred  electromagnetic  energy  and  theirel^ 
prevent  Its  passage  into  an  electroexplosive  device.  In  recent  years, 
interest  and  studies  in  organic  semiconductors  has  increased  considerably, 
and  consequently  we  have  soi:^t  to  determine  the  state  of  the  art  regard¬ 
ing  RF  absorption  in  organics,  to  add  in  evaluating  the  probability  of 
practical  applications. 

Organics,  in  general,  differ  from  Inorganics  (such  as  ferrous 
compounds)  by  the  lack  of  ferromagnetic  properties.  Inclusion  of  ferrous 
materials  in  the  organic  substance  will  impart  an  increased  permeability 
and  ferromagnetic  activity^^\  In  general,  however,  only  permittivity 
is  considered  ^en  describing  losses  in  organics.  Generally,  organics 
possess  permittivities  well  below  those  of  certain  jnorgaidcs  (such  as 
ferrites)  and,  coirrespondingly,  have  low  dielectric  loss  tangents. 
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SO^MC/Cffl  — t 

(a)  l^f  '-SOohm  Lood 


ZfiMc/cm  — t 

(b)  l/tf -lobm  Load 


ne.  £-9.  coPACiroR  uscharg£  PULses 


LOAD 


MHJT 


lOO^MC^  < — t 

coHSTSNT  cutmuT  njLses 
(lottm  Load) 
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(2) 

However,  organic  dielectric  loae  tangents  greater  than  one  are  known'  \ 
Organic  polyaers  form  the  molecular  type  to  idilch  most  lossy  organics 
belong. 

Polymeric  materials  may  be  divided  into  two  main  classes;  polar, 

(3) 

tdilch  have  permanent  dipoles,  iind  non-polar,  >diich  do  not'  Ihe 
dipoles  are  formed  by  opposite  pairs  of  charges  vdilch  are  separated  by 
some  finite  distance,  and  alignment  with  an  Impressed  field  Is  the 
mechanism  throu^  \diich  energy  is  dissipated.  Polar  polymers  are 
characterised  chiefly  by  aqnmaetrlcal  molecular  arrangements,  and  may 
possess  significant  loss  tangents^^\ 

Certain  physical  relations  of  pennlttlvity  compUeate  dielectric 
absorption  phenoisena  In  organics.  Asmng  the  most  Important  are  temperature 
dependence^^^  and  variation  among  different  crystalline  axes^^^.  The 
extent  to  >dilch  these  may  be  easily  controlled  Is  not  yet  apparent. 

Conc.'uslons  regarding  the  prospective  usefulness  of  organic 
materials  to  absorb  RF  are  not  yet  possible;  we  shall  continue  our 
investigation  toward  this  end. 

3.  APPLIED  STUDIES 
3.1  Dielectric  Insulators 
Contributor:  James  D.  Dunfee 

Hl^-K  dielectric  insulating  films,  when  applied  to  initiator 
conductors,  can  Increase  the  voltage  breakdown  and  insulation  resistance 
of  the  attenuating  assembly.  Research  has  indicated  that  the  insulation 
thickness  and  the  taateidal  dielectric  constant  must  be  carefully  specified 
to  isalntain  the  attenuation  of  the  insulated  assembly  close  to  that  attained 
by  the  uninsulated  configuration.  Attempts  to  sinter  barium  tltanate  in 
position  a  metallic  conductor  have  not  been  successful.  Unfortunately, 
BaTiO^  appears  to  realize  a  dielectric  constant  in  the  xange  of  K  ~  1500 
only  in  the  fijred  ceramic  form.  We  are  pi^sently  evaluating  an  insulating 
coating  cospoBod  of  a  matrix  of  pire-heat  treated  BaTlO^  in  an  acrylold 
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blxider.  Dleleotrlo  oonstants  above  50  do  not  appear  feasible  using 
such  a  mixture.  However,  three  mil  coatings  of  this  hi|^  dielectric 
strength  insulaticn  msy  be  useful  in  practical  applications. 


3.1.1  Preparation  of  Hi^-K  Dielectric  Coatings 

During  this  report  period,  we  continued  evaluating  the  BaTiO^ 
coatings  with  acryloid  binder.  Ihe  Mixture  ev£Lluated  is  as  follows: 


BaTiO^ 

60.8^ 

B5.5% 

55.3% 

Bentone  38 

1.33< 

1.8g 

3.6g 

J^lene 

2B.ajt 

EVAP 

EVAP 

Acryloid  B-72  9.1^ 

12.8^ 

41.ij« 

For  dipped  coating  averaging  3  mils  thick  on  stainless  wire, 
the  dielectric  constant  averaged  2S.5.  Using  Lichtenecker's  approximation 
for  dielectric  constant  of  a  mixture. 

Log  (K  of  Mixt.)  •  (Vol.  fract.  binder)  (log  K  of  a  binder) 

(Vol.  fract.  BaTiO^)  (log  K  of  BaTiO^) 

we  find  that  the  average  K  of  BaTiO^  in  small  particle  (3  micron  or  less) 
non<<eramic  polycrystalUne  form  is  148.  If  we  use  this  value  in  the 
equation  for  a  hl^er  concentration  (90^  by  wt.  BaTlO^)  of  this  mixture, 
a  value  of  K  *  40  for  the  insulating  coat  should  be  obtained.  We  have 
so  far  not  been  able  to  increase  the  K  of  the  coating  on  the  wire  with 
such  a  sdxture,  as  calculated.  An  analysis  of  the  actual  percentages 
of  constituents  of  the  coating  may  reveal  the  reason  for  the  lack  of 
success. 

We  have  detensined  the  attenuation  losses  for  a  three-mil 
coating  of  the  mixtiire  discussed  previously.  Results  are  shown  in 
Table  3*‘l.  Note  that  Sample  No.  6784  has  a  considerably  larger 
decrease  in  attenuation  than  the  other  samples,  but  no  reasons  for 
this  could  be  found.  Saaple  No.  6785  incorporated  a  new  higher 
strength  acryloid  binder  which  will  be  used  in  all  new  forsulations. 

'Nllchtenecker,  K.,  and  Bother,  K. ,  1931>  Phys.  Z.,  32,  255. 
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We  plan  to  optinlie  the  dielectric  conatant  uaing  thie  type  coating 
and  then  teat  a  aaaqple  groi^  of  aufflolent  alae  to  determine  expected 
deoreaaea  in  attenuation  for  thla  inaulatlng  coating. 


Table  3-1 

FERRITES  WITH  DIEIECTSIC  COATING 


Sample 

No. 

Attenuation 
db/cm  at 

500  Me 

%  Loss 
for  .003 

6782 

uncoated 

30 

6783 

uncoated 

27 

Aug 

28.5 

— 

6784 

BaTlO^  -  Acryloid 

B-72 

19 

33^ 

6785 

BaTlo^  -  Acryloid 

B-44 

23 

195S 

6786 

BaTiOj  -  Acryloid 

B-72 

24 

16^ 

6787 

BaTLO^  -  Acryloid  24 

B-72 

4.  INSTHUMENTATION 

I63f 

4.1  Determination  of  Attenuation 
Contributor:  Charlee  L.  Stonecypher 

During  November,  an  atteoqpt  waa  made  to  aolve  applicable  equations 
to  give  ■— iHhib  power  transfer  through  a  section  of  transmission  line  having  a 
fixed  propagation  constant  and  a  fixed  characteristic  impedance,  bgr  vaxying 
the  reflection  coefficient.  The  solution  was  expected  to  yield  an  eiqplana- 
tlon  of  the  process  >diich  gives  mximum  transfer  (minimum  loss);  however, 
the  maximisation  was  found  to  be  Involved,  and  no  simple  solution  could 
be  obtained.  A  parallel  analysis  that  yields  the  conditions  of  the  termi¬ 
nating  impedance  in  texns  of  transmission  line  characteristic  impedance  and 
propagation  constant  was  coopleted  and  is  presented. 
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4.1.1  A  Solution  for  the  Tennlnetlng  lapedanoe  Corresponding  to  MlnlBum 
Loss  for  s  Section  of  Trsnsmlsslon  line 

Consider  the  teralnsted  section  of  transalsslon  line  shown  in 
Figure  A-l.  The  stated  problem  Is  the  alnialsstlon  of  the  ratio  of  the 
power  at  A-A  to  that  at  /P^  j  by  varjrlng  the  temdxtatlng  lapsdanoe. 
If  the  transmission  line  Is  lossless,  the  minimum  ratio  Is  one.  Unaer 
all  other  conditions  the  ratio  Is  greater  than  one.  The  conditions 
imposed  upon  the  t  alnatlng  Impedance  for  minimisation  of  the  ratio 
are  derived  as  follows. 


The  power  P  at  A-A  and  6-B  is  written  in  tenas  of  the  voltage 
V  and  cur  ent  I  on  the  transmission  line.  The  wave  solutions  for  a 
distributed  transmission  line  will  not  be  derived  since  they  are  ade- 
quateijr  t  eated  in  many  texts.  The  time  variance  of  the  voltage  and 
current  functions  Is  taken  to  be  Sa(e^''’^) 

V  -  B.'*] 


Be 


■V* 


P 


*  «  complex  conjugate 


To  confute  power,  I*  must  be  known.  A  was  arbitrarily  taken  to  be  a 
real  nusd)er,  but  B  Is  free  to  take  on  values  in  the  Gaussian  plane. 
Therefore,  B  was  related  to  A,  y,  and  at  the  boundary  B-B. 


!b 


Taking  x  to  be  1  at  B-B  sacrifices  nothing  since  the  callbratloa  of  a 
linear  scale  Is  arbitrary. 
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t 

i  1 

i - " 

u 

_ 1 

1 _ 

■  «  - 1 

- 1 

t 

K«0  y.  U 

y  «  a<f  iB  ■  MIOaaoaTION  CONSTANT 
Z«>CNAfUCTC«STIC  iOEDANCK 
i»»TiiNnHATsia  nniBANCt 

Mirt,  ^  mmm  mm  tfr  fiminirw'  inr 

X*l 

(a0-^>  Be^)  Z, 
A«-^  +  BeV 


2r 


B  •  A» 


•2y 


Ih*  coordinate  (x)  at  k-A  was  talnn  to  be  aero  and  the  ea^ireoaion  for 
poner  at  Ark  (P^)  and  B-B  (Pg)  were  written. 

Pj  -  1/  -  («)(*«*) 

•■b  ■  ''b  ■  h  -  »•''>  1b* 

#  a 

B  and  I  were  eraluated  bgr  writing  and  Zj^  in  polar  fona  and  — *-*"t 
the  appropriate  aubatitutions. 

Z^  •  De^^  Zjj  -  Ce^® 


-  22  - 


THI  FRANKUN  INSTITUTE  •  Utaimrim  fm  UmmA  mi  Dtmiafmm 


P-B1981-5 


Rsforming  the  expression  for  B: 


Consider  first  the  power  at  A-A. 


•■a  ■  'a  *A*  “  h  (‘-BX*-**) 

■  aBdC.J«(v)  ^  ^  .  .-3(a»  -  ,)  ^ 

(Bo  hXh  *  bJ* 


V  -  +  2  CD  COS  (0  -  0)  +  C^ 

^  -  CD(e^^®  “  0)  _  e”^^®  "  C^ 

5  ■  +  CD(e^^®  ~  •)  _  e“^^®  "  C^ 

n  -  -  2  CD  cos  (  '-j)  +  C^ 

In  taking  the  real  part  of  this  apparent  power  expression  the  first  and 
last  term  coefficients  (v,  r))  go  unchanged.  Some  manipulation  of  the 
intermediate  term  was  necesseuy. 
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M  (P,)  "  P„ 


/ . . . . .  -  fooe  0  (v)  -  2e”^  ain  ^  (0)  -  e'^coa 


n  Z'.D  COB  2»  8in(9-0)  +  Bill  20(3)^  -  (}) 


Now  c:.'i\L.id<-'.r  t.h«  power  at  .  B. 


-j(0-e) 


Vg  w.^.:  *‘.:vr;e4  by  substituting  B  and  in  the  polar  form  into  the  fun- 
ctat'ient,;.:  '.•v'j.to^e  ejqjresaion  evaluated  at  x  *=  1. 

^  (P  )  *=  p  ^ 

(2o-^Wo-^\ 


j:  it?.  -  o/.Jc-in  now  be  written. 


^  Alwl  &9B  A  Xb) 


4;:c  e”^  cos  6 


'rhi  0  r.'.itiors  orj  ‘he  ter.jdnating  iitpedance  magnitude  (c)  and  the  phase 
?uig3e  (6)  to  ndniiTLlze  the  rati-.'  ( )  were  obtained  by  setting 


and 


t:) 

■  as” 


i’-A) 


Be 


equ/il  to  zero.  The  adnijaiization  with  respect  to  c  led  to 


the  t  .>P.ow:i;g  e.or4ditlon: 
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0  n|  n  -  1,  3,  5,  7, . 

The  mlnlmlMtlon  trlth  respect  to  8,  led  to  the  condition: 

(C^  +  D^)  -  2  e"^  ten  0  sin  28  (D^  -  C^)  -e“^  (D^  +  C^l 

Substitution  for  c  reduces  the  expression. 

1  +  e"^  -  2  o“^  cos  28 

sin  6  "  sin  (-0) 

Clesrly,  the  SMMuiurenent  of  open  and  short  circuit  iopedanoes  on  a 

sywetrlcal  section  of  transmission  line  defines  y  and  Z^.  1hus>  these 

p  ’  o  * 

results  can  be  used  to  yield  the  minimum  and  corresp«odingly  a  minimum 

Pt 

loss  for  a  s  ction  of  symmetrical  transmission  line. 

Upon  completion  of  the  substitutions  for  the  load  impedance 
magnitude  and  phase  angle  into  the  power  ratio  expression  a  minimum  loss 
condition  %rlll  be  established  in  t'  "ms  of  y  or  for  a  section  of 
transmission  line  (sample).  It  is  hoped  that  the  analysis  will  yield 
a  clearer  picture  of  the  conditions  causing  minimum  loss  axxl  open  an 
avwiue  throu|8^  which  'u-  ther  optimisation  of  attmuating  material  prop> 
erties  can  be  made. 


1-1  +  2  e”** 


tan  0  sin  28  - 


tan  0  :*ln  28  -  e 


-  e"^J 
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5.  CONCLUSIONS  AND  FUTURE  PLANS 
Ferrites 

Cooputer  deta  from  the  iomlttanoe  bridge  measurement s  on  sil¬ 
vered  and  unsllvered  toroids  should  be  completed  and  comparison  made  of 
the  changes  in  any  or  all  of  the  parameters.  A  report  will  be  made  of 
the  effect  of  gaps  between  the  outer  periphery  of  toroids  and  the  Inner 
surface  of  the  outer  conductor  for  both  silvered  and  unsllvered  samples. 

Specially  fired  T-1  ferrite  toroids  have  still  to  be  evaluated. 
Difficulties  in  mounting  these  samples  sho\ild  be  resolved  in  the  coming 
period  and  It  Is  ejqtected  that  we  will  be  able  to  report  data  for  these 
samples. 

It  Is  possible  to  make  hi^  loss  Ni-Zn  ferrites  by  maintaining 
ferrous  Ions  in  the  lattice.  This  is  accomplished  by  rapidly  cooling 
the  fired  body,  allowing  little  time  for  the  ferrous  ions  to  oxidize  to 
ferric  Ions.  Attempts  will  be  made  to  cool  the  fired  bodies  in  substances 
other  than  air  and  cold  water.  We  plan  to  fire  and  cool  a  grovqp  of  sam¬ 
ples  at  hli^er  temperatures  than  presently  used  in  an  effort  to  increase 
their  density. 

Results  of  the  study  on  firing  pulses  passing  throu^  a  ferrite 
attenuator  were  encouraging.  Because  the  ferrite  does  not  alter  a  tran¬ 
sient-type  stimulus,  the  material  can  be  used  in  most  types  of  BSD's. 

One  exception  to  this  may  be  the  EBW  vAilch  requires  2000  volts.  Uhder 
such  an  electrical  stress,  the  ferrite  may  break  down.  We  have  not  yet 
investigated  this  characteristic  of  the  ferrites. 

Organic  Materials 

The  use  of  organic  materials  as  RF  attenuators  is  an  interesting 
possibility.  Our  omin  reas(m  for  considering  this  class  of  materials  is 
the  large  loss  tangents  that  an  cited  in  the  literature.  Values  as  high 
as  1.7  can  be  obtained.  Whether  these  values  can  be  realized  in  a  prac¬ 
tical  material  will  have  to  be  determined.  Obviously,  if  they  are 
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available,  say  only  In  liquid  form.  It  la  almost  certain  that  thejr  could 
not  be  put  to  praotloal  use. 


Dielectric  Insulators 

Using  our  acrylold-bound  barium  tltanate  insulating  coat  on 
wires,  an  attenuation  loss  of  20%  or  less  with  a  voltage  brealolown  of 
500-600  volts  for  a  3hb11  coating  is  expected. 

While  the  dielectric  constant  of  BaTiO^  In  the  fully  fired 
ceramic  form  Is  iqiproximately  K  ~  1500  at  room  temperature,  values  for 
the  dielectric  constant  of  the  powdered  BaTlO^  appear  to  range  from  100 
to  200.  Little  If  any  information  Is  available  in  this  regard  for  BaTiO^ 
and  most  other  materials  which  are  ordinarily  utilized  in  the  fully  fired 
densifled  polycrystalline  ceramic  form.  We  plan  to  test  a  number  of  other 
insulating  materials  which  may  have  a  hi^  dielectric  constant  in  powdered 
form,  such  as  titanium  dioxide  and  prefired  ferrites. 


Ihstrumsntatlcn 


During  December,  the  analysis  presented  in  this  report  will  be 
continued  and  a  series  of  measurements  made  on  ferrite  saii>les  by  the 
'biatched"  system  and  the  X  parameter  syetem.  Impedance  msasuresmnte  that 
yield  **worst-case"  loss  values  will  be  made  and  evaluated  by  the  computer 
program  previously  written  for  this  task.  Additionally,  a  program  will 
be  written  for  the  evaluation  of  "worst-case”  >tenuation  for  a  non- 


symmetrical  network.  Whwi  this  program  is  completed  and  eheelnd  out, 
we  shall  be  equipped  to  measure  "worst-oas^*  attenuation  for  both  symmetrioal 


and  non-symmetrlcal  networks. 

Paul  F.  Nohrbaoh 
Project  Leader 


Bobert  P.  Wood 
Project  Aigineer 


Applied  Physios  Laboratory 


Approved  by: 


Francis  L.  Jackson 
Director  of  Lahoratorles 
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Code  4572 

Code  RAAV-3A21 

CoBoandlng  Officer 

Code  RM-15 

U.S.  Naval  Air  Developoent  Center 

Code  BM«>-224 

Johnsvllle,  Pennsylvania 

Code  RMMO-235 

Code  lBMO-32 

Attn :  Code  EL-94 

Code  IQtlO-33 

Comaandlng  Officer 

Code  RHMO-A 

U.S.  Naval  Underwater  Ordnance  Station 

Code  RMfO-43 

Code  RMK>>44 

Newport,  Rhode  Island 

Code  HMIP-343 

Director 

Code  RIBN-312 

U.S.  Naval  Research  Laboratory 

Code  DIS-313  (4) 

Washington  25>  D.  C. 

Attn:  Code  5439 

Chief,  Bureau  of  Medicine  and  Surgery 
Departoent  of  the  Navy 

Code  5ao  (2) 

Washington  25,  D.  C. 

Comnanding  Officer 

Attn:  Code  74 

U.S.  Naval  Nuclear  Ordnance  Evaluation 
Unit 

Chief,  Bureau  of  Yards  and  Docks 

Klrtland  Air  Force  I'ase 

Departoent  of  the  Navy 

Albuquer^ius,  New  Mexico 

Washington  25,  D.  C. 

Code  D-200 

Attn:  Code  40 

Coonandant  of  the  Marine  Coips 

Coooander 

Washingt(»i  25,  D.  C. 

U.S.  Naval  Ordnance  Laboratory 

Nhite  Oak,  Maryland 

Attn :  Code  A04C 

Attn :  Code  ID 

Cosnander 

Code  NO 

Pacific  Missile  Range 

Code  LV 

P.O.  Box  8 

Code  Technical  Librazy 

Point  Mugu,  California 

Attn:  Code  3260 
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Coananding  Officer  and  Director 
U.S.  Navy  Blectrcnlca  Laboratory 
San  Diego  52,  California 
Attn:  Code  Library 

CouBandlng  Officer 
U.S.  Naval  Ordnance  Plant 
Nacon,  Georgia 
Attn:  Code  PD  270 

Connander  Naval  Air  Force 
U.S.  Atlantic  Fleet  CNAL  724B 
U.S.  Naval  Air  Station 
Norfolk  11,  Virginia 

Connander  Service  Force 
U.S.  Atlantic  Fleet 
Building  142,  Naval  Base 
Norfolk  U,  Virginia 

Connander  Training  Connand 
U.S.  Pacific  Fleet 
c/o  U.S.  Fleet  Antl-Subnarine 
Warfare  School 
San  Diego  47,  California 

Connandlng  General 
Headquartere,  Fleet  Narine  Force, 
Pacific 

c/o  Fleet  Post  Office 
San  Francisco,  California 
Attn:  Force  Cosnunicatlons 
Electronic  Officer 

Ccnnander  in  Chief 
U.S.  Pacific  Fleet 
c/o  Fleet  Post  Office 
sin  Francisco,  California 
Attn:  Code  4 

Connander  Seventh  Fleet 
c/o  Fleet  Post  Office 
S<n  Francisco,  California 


Connnnder 

New  York  Naval  Shipyard 
Weapons  Division 
Naval  Base 
Brooklyn  1,  New  York 
Attn:  Code  290 
Attn:  Code  912B 

Connander 

Philadelphia  Naval  Shipyard 
Naval  Base 

Philadelphia  12,  Penxisylvania 
Attn :  Code  273 

Connander 

Pearl  Harbor  Naval  Shipyard 
Navy  No.  12B,  Fleet  Post  Office 
San  Francisco,  California 
Attn :  Code  2M 

Connander 

Portsnouth  Naval  Shipyard 
Portsmouth,  New  Haggp^blre 

Department  of  the  Amgr 
Office  Chief  of  Ordnance 
Washington  25»  D.  C. 

Attn:  Code  OBDQU-SA 
Code  ORDTN 

Code  ORDTB  (Research  A 
Special  Projects) 

Office  Chief  Sifoal  Officer 
Research  and  Development  Division 
Washington  25,  D.  C. 

Attn:  Code  SIQRD-8 

Connandlng  Officer 

Diamond  Ordnance  Fhse  Laboratories 

Washington  25»  D.  C. 

Attn:  Mr.  T.  B.  Godfr^ 
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U.S.  kmy  Nuclear  Weapon  Coordination 
Group 

Port  Belvolr,  Virginia 
Director 

U.S.  Aregr  Biglneer  Reeearoh  and 
Develqpnent  Labe. 

Port  Belvolr,  Virginia 

Attn:  Chief,  Basie  Reeearoh  Group 

Commanding  Officer 
Plcatinny  Arsenal 
Dover,  New  Jers^ 

Attn:  Artillery  Aanunltlon  &  Rocket 
Development  Laboratory 
Kr.  S.  M.  Adelman 

Commanding  Officer 

U.S.  Amy  Bivironaantal  Health  Lab. 

BuUdlng  1335 

Army  Chenicai  Center,  MaiylaiKl 

Consmndins  General 
Headquarters  SDRAADCdf 
Oklahoma  City,  APS 
Oklahoma  City,  Oklahoma 

Commanding  Officer 

U.S.  Army  Signal  Research  & 

Development  Laboratory 
Port  Nonmouth,  New  Jersey 
Attn:  SIQBf/lL-GP 

Commander 

U.S.  Amy  Rocket  and  Guided  Nissile 
Agency 

Redst(»ie  Arsenal,  Alabama 
Attn:  ORDZR-R  (Plans) 

Comaanding  Officer 

Office  of  Ordnance  Research,  U.S.  Anqr 
Box  CM,  Duke  Station 
Durham,  North  Carolina 
Attn:  Intenul  Research  Division 


Commandljig  General 
White  Sands  Missile  Range 
New  Mexico 
Attn:  Code  0RDBS-G3 

Commanding  Officer 
White  Sands  Missile  Range, 

New  Mexico 

U.S. A.  SMSA 

Attn:  Code  SIGWS-AJ  (4) 

Commanding  General 

U.S.  Amy  XLectronic  Proving  Ground 

Pt.  Huaohuoa,  Arisona 

Attn :  Technical  Library 

Director  of  Office  of  Special 
Weapons  Development 
United  States  Continental  Amy 
Command 

Port  Bliss,  Texas 
Attn:  Capt.  Chester  I.  Petemon 
T  S  Control  Officer 

Headquarters 

Air  Research  &  Development  Commmd 
Andrews  Air  Poroe  Base 
Washington  25,  D.  C. 

Attn:  Code  RDMe-3 

Commander 

Air  Porce  Missile  Test  Center 
Patrick  Air  Porce  Base,  Florida 
Attn:  Code  NIRCP 

Headquarters 
Ogden  Air  Material  Area 
Hill  Air  Porce  Base 
Ogden,  Utah 
Attn:  Code  OOISS 

Commander,  Charleston  Naval  Shipyard 
U.S.  Naval  Base 
Charleston,  South  Carolina 
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Qrlffias  Air  Force  Sue 
RADC  New  York 

Attn:  RCLS/FhlUp  L.  Sandler 
Counander 

Air  Force  Special  Nieapona  Center 
Klrtland  Air  Force  Baae 
Albuquerque,  New  Mexico 
Attn:  Code  SWVSA 

Coonandlng  General 

Air  Fleet  Marine  Force,  Pacific 

MCAS,  SI  Toro 

Santa  Ana,  California 

Coonander 

Headquartera  Ground  Slectronlca 
Aiglneerlng  Inatallatlon  Afenoj 
Grlfflaa  Air  Force  Baae 
Rome,  New  Tox4c 
Attn :  Code  BCaafT 

Amed  Servloea  Bxploalvea  Safety  Board 
Departnent  of  Defenae 
Boca  2075«  Bldg.  T-7*  Gravelly  Point 
Waahington  25*  B>  C. 

Headquartera 

Anaed  Servlcea  Technical  Infonaatlon 
Agency 

Arlington  Hall  Station 
Arlington  12,  Virginia 
Attn:  TIPCR  (10) 

Coonander 
Field  Conaand 

Defenae  Atonic  Support  Agency 
Albuquerque,  New  M^oo 
Attn:  Code  FGDR3 

Defenae  Reaearch  Staff 
BzdLttiah  Brisaaay 
3100  Maaaaehuaetta  Are.,  N.W. 
Waahington  8,  D.  C. 

Attn:  Mr.  G.  R.  Nice 
VIA:  Chief,  Bureau  of  Naval  Weapona 
Departmant  of  the  Navy 
Waahington  25,  D.  C. 

Attn:  Code  OSC-3 


Aerojet-General  Corporation 
P.O.  Box  1947 
Sacraannto,  California 
Attn:  R.  W.  Fk'oellch,  6620 
POLARIS  Program 

American  Machine  and  Foundry  Co. 
Alexandria  Dlvlalon 
1025  North  Royal  Street 
Alexandria,  Virginia 
Attn:  Dr.  L.  F.  Dytrt 
(Contr.  AF-29(601)-2769) 

Atlaa  Powder  Company 
Rajpnolda  Ordnance  Section 
P.O.  Boot  271 
TAmaqua,  Pennaylvania 
Attn:  Mr.  R.  IfcGirr 

Die  Bendix  Corp. 

Scintilla  Dlvlalon 
Sidney,  N.  Y. 

Attn:  R.  M.  Purdy 

Bermlte  Powder  Coq^any 
22116  Neat  Soledad  Caryon  Road 
Saugua,  Callforala 
Attn:  Mr.  L.  LoFlego 

Bethlehem  Steel  Company,  CTD 
97  B.  Howard  Street 
Quincy,  Maaaaehuaetta 
Attn:  Mr.  W.  C.  Reid 

Chance  Vau|^t  Corp. 

P.O.  Box  5907 
Dallae  22,  Texaa 
Attn:  R.  D.  Henzy 

Die  Franklin  Inatltute 
20th  A  BenJ.  Franklin  Parkway 
Philadelphia  3,  P^mmaylvania 
Attn:  lb>.  B.  B.  Hannum,  Head 
Applied  Phyaica  Lab. 
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Qrunnan  Aircraft  Biglneering  Corporation  Sandla  Corporation  (Division  1262) 


Wsapons  Systons  Dspartaant 
BoUipage,  Long  Isl^,  NMr  York 
Attn:  Mr.  S.  J.  Bonah 

Jansky  and  Ballsy*  Ino. 

1339  Nisoonsln  Avanue*  N.W. 
Nashingbon*  D.  C. 

Attn:  Mr.  F.  T.  Mitchell*  Jr. 
(Contract  N17e-7604) 

Llbrascopa  Division 
General  Precision*  Inc. 

670  Argues  Avenue 
Sunnyvale*  California 
Attn:  Mr.  R.  Carroll  Manlnger 

Locldieed  Aircraft  Corporation 
P.O.  Box  504 
Sunnyvale*  California 
Attn:  Missile  Systens  Division* 
Dept.  62-20 
Mr.  I.  B.  Gluctasan 
Attn:  Missiles  and  Space  Division 
Dept.  8I-62 
Mr.  E.  W.  Tice 

Attn:  Missiles  and  Space  Division 
Dept.  81-71 
Mr.  R.  A.  Fuhmsn 

McCorsdck  Selph  Associates 
Hollister*  California 
Attn:  Technical  Librarian 

Midnest  Research  Listltute 
423  Volker  Boulevard 
Kansas  City*  Missouri 
Attn:  Security  Officer 
Mr.  C.  M.  Fisher 


Albuquerque*  New  Mexioo 
Via:  FCDASA 

QinWbslttji  of  Dmver 
Denver  Research  Institute 
Denver  10*  Colorado 
Attn:  Mr.  R.  B.  Feagin 

U.S.  Flare  Division  Atlantic 
Research  Corporation 
19701  W.  Goodvale  Road 
Saugus*  California 
Attn:  Mr.  N.  C.  Eckert*  Head 
MB  Gro^p 

Aerojet-Oeneral  Corporation 

P.O.  Box  296 

Asusa*  California 

Attn:  M.  Z.  Grenier*  librarian 

Mslex  Electronics  Corporation 
Solar  Building*  Suite  201 
16th  and  K  Streets*  N.  W. 
Washington  5*  D.  C. 

North  Aasrloan  Aviation*  Inc. 
Coosninlcatlons  Services 
4300  East  5th  Avmue 
Col.  16*  Ohio 

Coosnnder 
U.S.  Amy  Ordnance 
Frankford  Arsenal 
Philadelphia  37*  Pennsylvania 

U.S.  Atoado  Energy  Coasdsslon 
Division  of  Military  Applioation 
Washington  25*  D.  C. 


RCA  Service  Cca|>any 
SystesM  Engineering  Facility 
G^emment  Service  Departownt 
838  N.  Henry  Street 
Alexandria*  Virginia 


U.S.  Naval  Explosive 
Ordnance  DlsiMsal  Facility 
U.S.  Naval  Propellttit  Plant 


Indian  Head*  Maryland 
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The  Hartin  Conqpany 
P.O.  Box  5«37 
Orlando,  Florida 
Attn:  mitneering  Ubrary 


Comnanding  Officer 
Pioatinnar  Arsenal 
Dover,  New  Jersey 
Attn:  SlflJPA-VP3 
Plastics  Technical  Evaluation 
Center 

A.  M.  Ansalone  (2) 
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